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[0 0 0 1] 

10 0 0 2] , 

ft*75»P>. IIi;S£MttWS#tt> fiafeftWTO**ft»i-*5ft*^'f*-K (LED 
) frop nIMAfn (h e t e r o) ft-frllljftOlIIiWMIrtfc^*****^*** 

rttvMiMkfeffwlSjttSi"* LED * KB* U n ?Bi tz it p ^oMlbr ;v ? 

• 2f'J A (&«A lxG ayN : 0^X, YsS K X + Y= 1) l±> F ( 



clad) 



GfijSsSG ay I nzN : 0^Y, Z^l, Y + Z= 1) »±, fSttH 
[0 0 0 3] 

fE#K33V»T\ m*Kl'#-^G ay I nzN (0£Y, Z£l, Y+Z=j_ 

t,^ if (barr ier) (well) Itt^SCii?^ HJWfi" 4 * 

■#«*»L-CV»a (#irafc 5 #RB) . Wx.tf, G ao.7 I no. a N* £#pJl t U 
ft A (G a N) ^IItU^lf^Plt«^l^«t^WJffl^ 

[tSttll #|.2 0 0 0- 3 3 2 3 6 4fM 

mm^cm2] mmi 003-22964 s^<& 

[iftir^tiSK 3 ] #2rBS 5 5 - 3 8 3 4fM 

foWXiU ] #^ 2 0 0 1 - 1 0 2 6 2 9^ 

mttrXU 5] #H 2000-133883 
[0 0 0 4] 
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[0 0 0 8] v 

4)° ^ 4 £i&9Jtt, ±BLfc 1 ) 3 ) SOW^ 1 atB«^«WO**Kl)n*. 

[0 0 15] ■ 

p| ( ;4^i t , ^M^pJf ^<7>:e?l?>& A ^ k ©Si * EI & ^ k § & o 

[0 0 16] . _ _ U ._ CT ^ ^ 

2b\z y «li:i±, ^«»!WSi:Sllll$itTv>4v»7'/ h*-^#Pl^?n 

[ftp & tz tb<F>Wt.&.<F> : !&m\ 

[0 0 17] 

OIII»iaft«*tMMi*WfflL"r, p n*#Sin«ft»*aM«^*^&*J*-**o 

[0 0 19] 
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*mfcfr h a z>#pm t mmm ^xsiM^iwiHtfts ^M^pfcis 

< »£M4?>&£^7t >fT (a -A l2O3JjMS.il) *«fbffift (ZnO) > BMfeaf'J* 
a'- (mti&l i Ga0 2 ) fWlttWSMvifcSI (S i) ( 

[0 0 2 2J 

lxGavI nzNi-aMa (0sSX£l,. OSZSlTflO, X + Y+Z 4 T e 1 

•e (7) 5 x -7 • ? ^ *■ ism 1 1 , is B a H a k « *l & -Uf * t ■ -r i&mw « st v » ai &a 

y-JI («^AlxGavN: OSIX^I, O^ltlo, X + Y=l) 

S & o 

[0 0 2 3] 

cMf LS4v>. nI^7^KIS:W^A (GaN) rt^fft^U p 

K»*fl'ffcTA'5-'>A ■ 77V* A (A 1 x G a yN) *^-Cgi, nMS. 

[0 0 2 4] 

*0>W»JI (-MR01M) o ni0pl?7^*i 

a-fkJirvVA • 4 '/y*7A (G av I nzN I 0SYS1, O^Z^ltl^ Y + Z = 
1) Gay I nzN*M ^y^iHEJt (^'i^lillW 

tWtft**^©***!** r/vvAWM, *JU 0. 4 0 (=4 0%) &T\ 3 
H<l±0. 2 5tt4GayI nzN (0. 25^Z^0. 4 Otlo, Y + Z= 1) A> 

(GaNi a Pa : o^a<i)~«oMfca*£ino#v«5c***trin:Ra^»Ji t * 

GaNi-aPa-Cti, 'J> (P) fcJSJfc (=a) \zfc#LX (jfeltii 
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tf MS? (N) «lb (=l-a) Ctftt) , «jh«f«»i«»^*^*o -O/O 
pi-Vy^ (band bowing) ttSrfllfflLt, G aNi-,P,^?)li, JRW^ 

(V f ) *v»ttimmffi (V t h) «<, *v»3l*MO«**?t#*. 

ocii, mm * *-t#fw ©» 1 3 a±-c e bit i- * * l v». J J 

fc+RM^ #F**««'"t*niifca<i;***#«>«jiiW«i 
tcjfcgcL-c, MT^m^ssifr-*-*^- (=o- 0 2 6 e V) <D%>1 a«f»±, » 

v»*]hff«WIIIiteB«*#«#»*» *o Iff* t < A lxG a*N (0=f XJ 
1 O^Y^l X + Y= 1) aNi-aPa^O^^V^X^Sr^tflim^^ 



[0 0 2 9] 

i-«)im^©«)i< 7 5lfft±> 1 5 nmm±"C5 0 nmJa.T^*4W**ai-4„ M 
[0 0 3 01 



MJllaVlMM*, ^M^aiJS^#P m i: Z>mx&<, **>+*«T*fc* 

, «jltf**«flS*»*MI#«ife (MOCVDS, MOVP.EfcifcttOMVPEsfc) 

) »lB«SttOCtt»)»rttt?§4« 1*^ MOCVDfeli, U > (P) (As) « 
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10 0 3 3] 

a# (Si) , yjvv^^A (G e) , & (S n) ^<7>Mtg^ Xtf-feU* (S e) 
W;wv (Te) f?)fVIIxf^^t^o pl^ii^^Clt^Wt 
LT .^^^^^^ (Mg ) % (Ca) fwiIl%f^^o BM©rt«i: 

(Auger) m^^^^^^^'J^^*"^* 0 



[0 0 3 4] 

10 0 3 5] ml-. 

wie* 5 x i o 18 cm- 3 Hixi o 19 cm- 3 <Dmmtirz>t&^m?>fo 

18 cm- 3 *|J:t^^ ? lt^ 5X1 0 18 cm- 3 Hlt5Xl 0 17 c m" 3 £ + & <Oi^. 
[0 0 3 7] 

I^GavInzN (0^X, Y^l, X + Y=l) A^WeiS. nSOAli 
GavN (OsJX Y^l, X + Y=l) fr&fcflfcSTS&o G ay I nzNfrfc nl^ 7 

nfi^?K|iU, InftJfiJt (=Zi, Z 2 ) ' \' 

WAmfrhZZG avi I nziN/G ay 2 I n Z2 N (O^Yi, Y2, Zi, Z*f 

*y 2 , z!*z 2 , Y! + zi=i, y 2 + z 2 =d a^wat^aifc^c**. - 
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M (offl) <D?7V VMtnW. (pi) <D«fflO*ft»fcW*lflJfcK1tLfc, 

©*jh*«o***«^K:ii*f**:*«>. * v%tt ««?;* tt * i *} ± *fi£iS? 

WiLtfGaylnzN (0£Y, Z£l, Y + Z=l) if SrHrtfngy (pi) *KJ§± 

«woM»#piitt«t#Pioi«f»i o *»Jt* ***** J 1 ™^ 

(ft**: bp) ** tt **;**?* 1 ' 
fc*to±««©*ft«* • v * * (*** B « G a R p : ° < Q * * < 1 »: 5 " 1 1 

O 

*»w ic« i#£g^#p *e> mat led f ^ m 
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LTV>fco 

L E D 7 V ^^ffi^Hm^Wk t C 1 . 5«F«*fiI-t3**£k*«-eS, 
i j. 3. )v 4f- f,z m-^-f & z k **t? § & o 

h 1 1 k« * l e d * fwr & fc* kjb mmfc<o lar® 

fl|«#^p,f^jHtfcLED«)3Fllfl|ji*«S:WtwA5-ria-C**o 

LED 1 oiw-r^^^^ 5 *®^^ 1 W^r^itl 
0 1 *, «JH« (RF) !l«fflWRFn^^Hili:EiUc5»M0CVDR 

fr*®V-cmSLl 0 1 ©i&Silfi^^ 1 1 5 OlClcWUfci 0 lO&JSrl 1 
5 0tC§of;ll, ^^kfiittf^M^fc^'b 1 OtflHJtfeSL-^ ** 1 0 

[0 0 5 2] 
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^jVT^^-^i, (TMA1) <DM%th>) tTfrirW^ (TMGa) vm^tZ&tf 

ftUtt Ty*=-T (NHs) k*i*S#W-**lB»a**L'fco moifiw. mil 

V/IUJt INHs/ (TMA 1 +TMG a ) IHttf) tt» 8 115 0 

tf6»ri, ftffiftiat*t<:^ TMG a t TMA 1 Wl^^tf^E^^ 

[0 0 5 3] 

^V>T, |2<Olgt UTMG a t7yt-7^*IIU, (0 0 0 1 ) --9-7 
r -f T*«l 0 1±^> T> K-^tnSlW^A (G a N) 110 2?>5£j££ lBf 

[0 0 5 4] 

T> K-^-cnlOG aNl 1 0-2±fctt, S i K-"/nlGa N* 1 0 3 *r^j£L£ 

o nJii-0 3«)»*i»»ctt, *s?yirx (s iHO tK-ev/»tu, 

5X1 0 1! cm- 3 iWli:lf (S i) fcK-fc^Lfc. S i K-^nIGaNil 
0 3 <7)Jf)?{±2 ix mt LtZo 
[0 0 5 5] 

W S i K-^nSGaNilO 3±Kti, TMG a £ TMA 1 , WNHziWM 
£ L i H 4 £ V-\£>rmt Lt, Si K-^nllftTJK-n^'J^A ( 
A lo.osGac.siN) 11 0 A lo.i»Gao.»iNl«*ty T (jE?L) it 

Jg{±, 7 X 1 0 17 c m -3 £ U *J?(± 8 nmt Ltz 0 
[0 0 5 6] 

7>*-T5!r^*jRi&*Prttaa**** , ?»- o 1 vi&m* 1 1 5 o*c 

*e,8 3 0^ftT**fcc F^fH>-/W (TMIn) H^/^Efi 

tU, A 1 0 <>9Gao.9iN»l 0 4±H> WW* 5 0 nmtti.S i K— /WftfttfU 
■jA . ^>->^^ (I no.01Gao.99N) ^?)45nl?5 7 KUl 0 5*5B*Lfc, 

nl J 9 I Ki 1 0 5 ICIi, G a N J: U 4118 2 1 t , I no. o< G ao.,96 N <fc 9_ 

|«Cib/:oTli, S i V-7I no.oiGao.99N^f>^SnI?77 K* 1 0 5 
±r JSACSi K-7GaN|I12 1m«U Z<nS i K-7"GaN»112 1 
m±i:ino.o4Gao.9 6 N#Pi2 2MUo #f* 2 -2 ^^f^^f 
oj, 2nmtUo S i K~ 7G a NBM 2 1 Rlf I no. 04 G a 0. 96 N#P* 2 2 £ 
*EK5ll!ift»)jiUWf Lfc*>t>, 5#iOl no. 04 G ao. 96N#F>Jf 2 2± 

r TOT S i K-yGaN»*i2 l*!*fr**TRtt, ^M^-frFflHSO-ffi * 
2 1mS0 ! pI^7 7 K*l 0 7$J<7>«*2 1 nOlS^S i K-7G a N1II 2 1 

JblBOS i K— -/G a NWS* 2 1 li£SRT 6 M* 2 ln«<5 

s j k-^G a NPfM* 2 1 £>Jf Hi* 1 5 nmt L/c 0 — Jj> i&Wsl§ 2 1 n £&i-S 
-•/G aNlil 2 1 C0*JPl±'lt&<7>PiM i OJf^v^ 0 nmt L£ 0 
[0 0 5 9] 

*fijre#F**it<*>*#*2±fctt, vnv^ '(Mg) K--/OA 1 0.07G ao.93 
N*6**pffl*9? K*l 0 7 * 1 1 OOtfMUo pI^?Kfil0 7W*^ 
T COL) iiJ£t±x 5X1 0 17 c m" 3 t L, Jf JSf± 1 0 nmt Ltz 0 
[0 0 6 0] 

p s^.; K*l 0 7.hKtt, Mg K-7*GaN|ipl3>^ h* 1 0 8 t 
U-C*i?*fc. pSnv^ h* 1 0 8 .'J 7 (IE?L) ii£J±8x 1 0 17 cm' 3 *: 

■ *J¥f± 1 0 0 nm £ Ltz a 
[0 0 6 1] 

p I n > ^ ? H 1 0 8 ©Sf ^7 Lfct, ftig;&nf^t-*^«S£#itLT, 
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0 l©a**M4t?2 0*t»»t-C*ltfc. (1 1 0 0"C) *630 

0tig, RjES^rtO^ir'J T^SrS*t U> ff*T#*ifc*K: LT 1 

I 0 0 6 2 J 
{ 0 0 6 3 ] 

-^V^SJJU ? ?m,Ml 0 9 tWfct &=fiE<nffi&\z. PS «3 > S i K — 

y GaN f 1 0 3<&*®*»m3-fr*:o »m$*/SS i K-^GaNl 1 0 3©*lBUtt 

•eoOTKSHttl-Sfllfc-S'*' 1 ' (Ni) fcLfc. Ni/TJ^-^i (A 1 ) 
V (T i ) /& (Au) 4>4Jf £«>*U y 0 9 fcRttfco 

ifc mmmWl 1 <&£lBfc»«b*:pffl='>' bJf l 0 8±O^I(:(t @3i: 

^-rip<, & (Au) o^fc&siSfttewpa*- ^ ? 1 o im&Lfco pi 

v9W&\ 1 0±£J±, TBUB^^IH^^^^ (T i) , 7*5=->A (Al) , 
(Au) WlL/clilO*'^^^^ K (^MM) 1 1 1 
-CRttfco 

^Oftf -9-7 r -f 726* 1 0 1 <0^W£> ^*0<75 3 5 0/< m*»5> 10 0// m*£> fflfll t 

5 0 »mAO3FB5m^jE*3ewflag0OLEDf-y "/^«J»ft^«, fy/ftlfcLEDl 0 
nit-?^ *m*i 0 9 t pl^ilSl 1 1 t^-LT^IKfbWatiLEDf-y 

IULEDf77 p l Ot^H/:, M^WSE**^ 0 mA k Ufc»W«**fttt 
3 9 5 nmT^ofCo -*»*«»3««:f0ffl LT«fe**.**#«>ttia*** 8. 7 

mWfc««fc*ofco JK*fo«**2 0 mA t Ufc»»**l«OmffiB 3 . 3 V 

[0066] 
[0 0 6 7] 

sp^, ±Eo«i« i cBULfcWt^PiiKioT, mm (820^2 1 

o 

[0 0 6 8] 

kHt»T*V b LfcLEDf?"/!:, ij- K7V-A«r^LT2 0mA 
0*^t«t*U^%^ M^ 3 9 5 nmfctaJfi^nUf^a^^^o t-^ 
>5* »*afe«tt±IB«>1tltmoLED^»'/l OtRI— T***©^ JK*|6]«ffit±3 
. 5 VkJ:l)*<4ofc. #-^T, 5fc3fcm»ffiti5. 9mWCftTL, II^l^LED 
1 0 (OtttCl^ ^© t li* •) #4^^^o 
(^iS^J 2 ) 
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[0 0 7 01 _ 



<T>m%^ 1 6 nmt U 3#BO|»S»OJSJ5«: 1 7 nmt U 4t§«»M«W* 
18nmtL, 5f l©ili«)W*l 9 notUo 
[0 0 7 1 ] • 

SP*> nl^7 7 KJi (HI, 5) *&pfi*?y K« (EI 1 > B2© 

^10 7) fcfl!»fT\ S i K--/G aNPt8i©i?*> M^J? < LT, «#pfll* 

[0 0 7 2] ^^.^-^ 
±ie<7)«^Jl i:H-0^rttt?f^«L*:LEDf-y , /t, JH^fflK 2 0 m A^Ml 
m«*a***T»tt*»HillLfco 3fe«IU±3 9 5 nro"C*ofco JOTCflPlWEIi 3 . 3 

L E D t4H h « *U Jt^lClBmo^OLEDlCit^^t^ «#fll«EE* WH^tt 

[0 0 7 3 ] _ ^ m ^ 

(HJfefiJ3) ?»Ii:W^L/;llltfflv^;fli^p|l 

<d *mm u -c mass* t *t*t4»*t«KLT, * jm*.w k 

[0074] 

G aNig^^fll^L^o 
[ 0 0 7 5 1 

t s i 3p*t«o»«ii 3 x i o !7 cm- 3 a/:. t n^wm^hmn-^mz 5 

nffi ^ I 0 nmKSiWloWWtJOS i^H«l©i«tt, 4X10 c 
3F**W©«K*4X1 0 18 cm- 3 ^fb, 7X10 17 cra-^SIK)i:^n/:o 

fifamffi.*2 0mAfcLfcfl&<D*#ifefitt3 9 5 nmt^fc, 3*^ H^«E»i 3 . 
M^lfiimJE, XtfS&jfetb L.ED fcfcoifco 

[0 0 7 7] 

[gl 2 ] 'B 1 (^M#3t#<^M)i^#^*^W-^^"l 2l " e * ;5, ° _ 

[H3] mi Ollf^^ t^: L E D«¥iSM^Kll^tSt^S . 

[0 0 7 8] 

2 3§ftJf 

10 LED 

i i Mfiliite 
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2 1 MEM 

2 1 m -510 (Ft MB) 

2 1 n HUM (*»■) 
2 2 

1 0 1 ^h b h^ 

102 T^K-^nlGaNl 

10 3 S i K-7'nIGa NJf 

10 4 Si K—"/n!SSMfe7^ < — ? A ' (A lo.09Gao.91 

10 5 nI?7';Kl 
1 0 6 

107 pI???KS 

108 pl^^^l-l 
10 9 nit- 5 y ?nU 



1 1 0 
1 1 1 
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tun 



110 11(10) 




102] 

107 
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l/E 



IJSft^ai - <F>%W<0 p n#£SlIl;&3ftW¥W#S&** ; ?-l 0(11) »±, 

1107 fc'oWfc, Iimaft!»#Sffa»e>fc*#FV 2 2 2:RH 2 1 fc fcxEK&JS 
83fcMl>«V3«**£M^#^*£*>*#* 2 f *1 2 It nS^vK 

VI 0 5K*4jS*L-CWWi-4-ifV2 lm, aWpi^vv KVK*fcia«LT*f*# 

is^mi 02 
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[000002004] 
199 0^ 8^270 
H^iiEE^H 1T§ 1 3 # 9 # 



tB|I#-t UJSE#2 0 0 5-3 0 2 1 6 4 0 



